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Optimization Methodologies for Product Variety Design
(2nd Report: Optimization Method for Module Commonalization)∗
Kikuo FUJITA∗3 and Hisato SAKAGUCHI
∗3 Department of Computer-Controlled Mechanical Systems, Osaka University,
2-1 Yamadaoka, Suita, Osaka 565-0871, Japan
This research discusses and develops the optimization methodologies for product variety design,
which means the challenge to simultaneously design multiple products. Following the definition of three
classes of optimization problem in the first report, this paper develops an optimization methodology for
module combination under predefined module candidates for multiple products, which is the second
class of product variety optimization. The situation of this design problem is widely recognized
as commonalization in industrial practices. In this paper, by investigating the mapping structure
among customer’s, functional, and manufacturing viewpoints, module commonalization is recognized
as module diversion, and the feasible conditions for diversion is modeled as diversion feasibility,
diversion simultaneity, and capacity constraints. This leads the optimization formulation as a 0-1 integer
programming problem in a systematically abstract form. Based on the pivot structure among 0-1 variables,
an optimization technique is configured based on the simulated annealing technique. Finally it is applied to
the simultaneous design problem of electronic circuits for television sets in order to ascertain the validity
and effectiveness of the proposed modeling and optimization methodology.
Key Words : Product Variety Design, Design Optimization, Design Engineering, Module Commonaliza-
tion, Simulated Annealing, Mass Customization, Combinatorial Optimization
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Table 1 Product variety of television sets
Feature index P1 P2 P3 P4 P5 P6
Picture size 14 21 36 14 21 36
Picture quality Gd Br Bt Nl Gd Br
Audio level Lw Mm Hh Lw Mm Mm
Power supply
voltage 100V 100V 100V Multi Multi 100V
Nl: Normal, Gd: Good, Br: Better, Bt: Best
Lw: Low, Mm: Medium, Hh: High
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Table 2 Optimization result
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j
k
Cpd(m
j
k)
Cps(m jk)
P1 P2 P3 P4 P5 P6
Number
of kinds
M1 m11 45 5 ©• ©• ©• ©• ©• ©• 1
M2 m21 45 3 •
m22 50 4 ©• © ©•
m23 55 7 • •
m24 60 8 © ©• © 4 → 2
M3 m31 140 30 • •
m32 155 80 © ©• © ©•
m33 170 140 ©• ©• 3 → 2
M4 m41 105 3 •
m42 115 5 ©• ©• ©• © ©• ©• 2→ 1
M5 m51 35 5 ©• ©• ©• ©• ©• ©• 1
M6 m61 40 10 • •
m62 45 20 © ©• © ©• ©•
m63 50 60 ©• 3 → 2
M7 m71 45 60 •
m72 50 120
m73 55 180 •
m74 60 240 © ©• ©•
m75 50 60 •
m76 55 120 © © ©•
m77 60 180
m78 65 240 5 → 2
• : No diversion © : Optimal diversion
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Table 3 Comparison of contents of total cost
Cost items No diversion → Optimal diversion
Cost on Module material cost Cmv [Yen] 51,762,000. ↗ 53,088,000.
production Module fabrication cost C fv [Yen] 51,484,037. → 51,226,054.
volume Product assembly cost Cav [Yen] 645,703. → 645,703.
Partial sum Cv [Yen] 103,891,740. ↗ 104,959,756.
Cost on
the number
Cost depended on the
number of product kinds
I
∑
i=1
CPf
(i) [Yen] 8,985,000. ↗ 9,240,000.
of kinds Cost depended on the
number of module kinds
K
∑
k=1
J
∑
j=1
CMf
j
k y
j
k [Yen] 12,375,000. ↘ 7,560,000.
Partial sum —— [Yen] 21,360,000. ↘ 16,800,000.
Hidden fixed cost C0f [Yen] 10,000,000. → 10,000,000.
Total cost Ct [Yen] 135,251,740. ↘ 131,759,756.
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Fig. 5 Relationships between demand patterns and
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